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Decays of B mesons offer interesting probes to search for physics beyond the Standard Model. Thanks 
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Decays of B mesons offer interesting probes to search for physics beyond the Standard Model. 
Thanks to the data taking at the LHC, we are at the beginning of a new era of precision B 
physics. I will discuss recent developments concerning the analyses of promising channels to 
search for signals of New Physics at the LHC, 5° — 5> J/'4'4>j Bs K'^K^ and — > M^A*"- 

1 Setting the Stage 

The lessons from the data on weak decays of B, D and K mesons cohected so far is that 
the Cabibbo-Kobayashi-Maskawa (CKM) matrix is the dominant source of flavour and CP 
violation. New effects have not yet been established although there are potential signals in the 
flavour sector. The implications for the structure of New Physics (NP) is that we may actually 
have to deal with a large characteristic NP scale Anp, i.e. one that is not just in the TeV regime, 
or (and?) that symmetries prevent large NP effects in the flavour sector. 

The best known example of the latter feature is "Minimal Flavour Violation" (MFV) , where 
- sloppily speaking - CP and flavour violation is essentially the same as in the Standard Model 
(SM). However, it should be emphasized that MFV is still far from being experimentally estab- 
lished and that there are various non-MFV scenarios with room for sizeable effects?^ 

Nevertheless, we have to be prepared to deal with smallish NP signals. But the excellent 
news is that we are at the beginning of a new era in particle physics, the LHC era, which will 
also bring us to new frontiers in high-precision B physics. 

2 Promising B-Physics Probes to Search for New Physics 

2.1 B^,^J/i)(t) 

A particularly interesting decay is B^ — )■ J 1^4)^ offering a sensitive probe for CP-violating NP 
contributions to B^-B^ mixing. In the SM, the corresponding CP-violating phase (/)s is tiny, 
taking a value of about —2°. However, NP effects may well generate a sizable phase, which 
actually happens in various specific extensions of the SM.- This phase enters the mixing-induced 
CP violation A^p in S° J/i^cp, which arises from the interference between B^-B^ mixing 
and decay processes. As the final state is a mixture of CP-odd and CP-even eigenstates, a time- 
dependent angular analysis of the J/^[— )• (/>[—)• K^K^] decay products is needed in order 
to disentangle them?' Neglecting doubly Cabibbo-suppressed terms of the decay amplitude (see 
below), hadronic parameters cancel and A^p = sin 0s . Since the tiny SM value of (ps implies 
smallish CP violation in B^ — )• J/ipcp, this channel plays a key role in the search for NPP 



Since a couple of years, measurements of CP violation in — )• J/ip(j) the Tevatron indicate 
possible NP effects in -B°-fi° mixing, which are also complemented by the measurement of the 
anomalous like-sign dimuon charge asymmetry at D0. LHCb has also joined the arena, with a 
first untagged analysis reported at Moriond 201 and a first tagged analysis reported a couple 
of weeks later. Interestingly, this measurement points to a picture similar to that obtained at the 
Tevatron, with a sign of a sizable, negative value of 4>s- However, the large uncertainties preclude 
definite conclusions. Fortunately, the prospects for analyses of CP violation in — t- J/ipip 
excellent: the 2011 LHCb data (1 fb~^) should allow the world's best measurement of (j)s- 

SM penguin effects, which are described by a CP-conserving hadronic parameter ae*^, are 
usually neglected in these analyses. They enter the decay amplitude in the following form: 

A(B0 ^ J/ij(t>) oc ^ [l + e{ae'^)e'^] , (1) 

where e = A^/(l — A^) = 0.05 with A = \Vus\, and modify the mixing-induced CP asymmetry as 
Aqp oc sin((/)<j + A0s)PThe hadronic shift A(/)<( can be controlled through S° — ;> J/ipK*^, which 
has recently been observed by the CDF and LHCb collaborations. Two scenarios emerge: 

• Optimistic: large A^p ~ —40% would be an unambiguous signal of NP. 

• Pessimistic: smallish A^p ~ —(5... 10)% would require more work to clarify the picture. 

The hadronic shift A(ps must in any case be controlled in order to match the future LHCb 
experimental precision, in particular for an LHCb upgrade. 

An interesting probe for similar penguin topologies is also provided by the -B^ — )• J/ipKs 
channel'^ which is related to B'^ — )■ J/ipKs by the [/-spin symmetry of strong interactions, 
allowing a determination of the angle 7 of the unitarity triangle and the control of the penguin 
uncertainties in the extraction of the B^-B^ mixing phase from B'^ — t- J/'ipK^- CDF has 
recently observed the B^ — )• J/ipKs mode. A detailed phenomenological analysis has recently 
been performed^ with a first (toy) feasibility study for LHCb. This study has shown that the 
determination of 7 is feasible, while the main application will be the control of the penguin 
effects. The B^ — )• J /iIjK^ decay looks particularly interesting for the LHCb upgrade. 

2.2 B^^K+K- 

The decay B^ — ?■ K^K~ can be related to B^ — )• vr+vr" by means of the J7-spin symmetry of 
strong inter actionsP In the SM, the decay amplitudes can be written as follows: 

AiB'i ^ K+K-) oc C [e'^ + d'e^^'/e] , ^(^° ^ ^^^") « C [e''^ - de''^] , (2) 

where C, C and de*^, d'e*^ are CP-conserving "hadronic" parameters. The ?7-spin symmetry 
implies d! = d, 6' = 6, allowing the determination both of 7 and of the hadronic parameters 
d{= d'), 9 and 9' from the observables of the S° K+K', B^ vr+Tr" systemP At LHCb, 
thanks to precise measurements of the corresponding CP-violating asymmetries, this strategy is 
expected to give an experimental accuracy for 7 of only a few degreesP 

In order to get ready for the LHCb data (and improved Tevatron measurements), an analysis 
of B^ —7- K^K~ was recently performed.^'^ As input, it uses S-factory data in combination with 
BR(i?s —7- K^K^) measurements by CDF and Belle at the T[bS) resonance as well as updated 
information on {/-spin-breaking form-factor ratios. The following result for 7 is obtained: 

„, _ /-fio q+4.9| +5.0| +0.1| \o (o\ 

where ^ = d' /d = 1 it 0.15 and = 9' — 9 = ±20° was assumed to explore the sensitivity to 
?7-spin-breaking effects. This result is in excellent and remarkable agreement with the fits of the 
unitarity triangle, 7 = (67.2 ± 3.9)° [CKMfitter] and (69.6 ± 3.1)° [UTfit]. 
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Figure 1: Dependence of r^+^f- and Acp'iBs K^K ) on <^s, as obtained and discussed in Ref. [10]. 

Consequently, large CP-violating NP contributions to the decay amplitudes in Eq. ^ are 
already excluded. However, NP may well enter through B'^-B^ mixing. A particularly nice and 
simple observable is the effective B^ — >• K^K~ lifetime t^+a--?^ In the left panel of Fig. [l| 
the SM prediction for t^+x- and its dependence on (j)s is shown. The major source of the 
theoretical uncertainty is the SM value of the width difference of the B^ system whereas the 
uncertainties of the input parameters and [/-spin-breaking corrections have a much smaller 
impact, as illustrated by the narrow band. LHCb has recently reported the first measurement of 
rj^+p^-^^ and the uncertainty should soon be reduced significantly, where an error as illustrated 
in the figure appears to be achievable. The next observable to enter the stage is the mixing- 
induced CP asymmetry A!q^{Bs — )• K^K~). In the right panel of Fig. [l| its correlation with 
sin is shown. The analysis of this observable turns out to be again very robust with respect 
to the uncertainties of the input quantities. 

It becomes obvious that t^+k- and Aqp{Bs — )• K~^K~) offer interesting probes for CP- 
violating NP in B^-B^ mixingl^ thereby complementing the analyses of -B^ — )• J/ipcp. Once the 
CP asymmetries of the B^ — ?• K~^K~ , B^ — ?■ 7r~^7:~ system have been measured by LHCb, 7 can 
be extracted in an optimal wayP Based on the picture emerging from the current data, a stable 
situation with respect to fZ-spin-breaking corrections is expected?^ 

2.3 B'^,^fi+fi- 

The Bg —7- /^^/U^ channel originates from penguin and box topologies in the SM and is a well- 
known probe for NP. The upper bounds from the Tevatron and the first LHCb constraint, which 
was reported at Moriond 2011p'are about one order of magnitude above the SM expectation of 
BR(i?s — = (3.6 lb 0.4) x 10^^, where the error is dominated by a lattice QCD input?' 

Concerning the measurement of B^ — )■ n'^fi~ at LHCb, the major source of uncertainty 
for the normalization of the branching ratio is fd/ fs, where fq is the fragmentation function 
describing the probability that a b quark hadronizes as a Bq mesonP 

In view of this challenge, a new strategy was proposedf^ allowing the measurement of fd/fs 
at LHCb. The starting point is 

Nd fd e{Bd ^ X2) BR{Bd ^ X2)' ^ ' 

where the factors denote the observed number of events and the e factors are total detector 
efficiencies. Knowing the ratio of the branching ratios, fd/fs could be extracted. In order 
to implement this feature in practice, the Bg — )• Xi and Bd — >• X2 decays have to satisfy 
the following requirements: the ratio of their branching ratios must be "easy" to measure at 




Figure 2: Illustration of the LHCb NP reach in — >■ /i^/i resulting from the strategy proposed in Ref. [13]. 



LHCb, the decays must be robust with respect to the impact of NP, and the ratio of their BRs 
must be theoreticahy weh understood. These requirements are satisfied by the [/-spin- related 

— > D~^TT~ and — )■ D~^K~ decays. In these channels, "factorization" of hadronic matrix 
elements is expected to work very well, and the theoretical precision is limited by non-factorizable 
?7-spin-breaking effects, leading to an uncertainty at the few-percent level. These features can 
also be tested through experimental data, supporting this picture?^ The NP discovery potential 
in B^ — )• fJ-~^fi~ at LHCb resulting from this method is illustrated in Fig. [2] which shows the 
smallest value of BR(i?g — )• ii~^fi^) allowing the detection of a 5a deviation from the SM as a 
function of the luminosity at LHCb (at the nominal beam energy of 14 TeV)?^ 

LHCb has reported the first results for fs/ fd from this strategy at this conference'^ yielding 
fs/ fd = 0.245 lb 0.017|stat i 0.018|sys ± 0.018|thco- This is an average over the data for the 
B^ — )• D^TT~, B'^ D~^K~ and B^ — )■ -D^vr", — ;> D^tt~ systems, where the latter offers a 
variant of the method for extracting fs/fj^ 



3 Concluding Remarks 

We are moving towards new frontiers in B physics. There are good chances that these studies 
will reveal first footprints of NP at the LHC. Exciting years are ahead of us! 
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